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Abstract 


"losed  form  expressions  are  obtained  for  the  electromagnetic  field 
produced  by  the  diffraction  of  a  plane  wave  by  a  semi-infinite  unidirectionally 
conducting  screen^  and  simple  far  field  formulas  are  given. 
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1,  Introduction 

In  a  recent  paper'-  -* ,  Toraldo  di  Francia  has  given  an  approximate 
solution  for  the  diffraction  of  a  plane  wave  by  a  small  circular  disc  composed 
of  fine  parallel  wires.  He  idealized  such  a  screen  as  an  infinitely  thin  disc 
which  is  perfectly  conducting  in  one  directionj  the  reformulation  led  to  a 
boundary  value  problem  wliich  was,  in  turn,  solved  approximately.  During  a 
visit  to  New  Yoric  University,  the  above  author  suggested  to  us  the  problem  of 
determining  an  exact  solution  of  the  coirespondingly  formulated  problem  for  a 
half  plane.  The  present  paper  is  devoted  to  the  determination  of  such  an 
exact  solution.  The  existence  of  a  solution  supports  the  validity  of  the 
idealization  employed  by  Toraldo  di  Francia.  It  is  anticipated  that  our  solu- 
tion will  also  prove  useful  in  constructing  approximate  solutions  for  the  diffrac- 
tion by  large  but  finite  unidirectional  screens,  just  as  Sommerfeld's  solution 
for  the  perfectly  conducting  half  plane  proves  useful  in  solving  problems  of 
diffraction  by  large  perfectly  conducting  screens. 

In  Section  2  we  present  the  mathematical  formulation  of  the  boundary 
value  problem.  In  Section  3  we  reduce  the  problem  to  the  detennination  of  a 
single  scalar  wave  function.  This  wave  function  is  then  obtained  explicitly 
(Section  h)  in  terms  of  functions  associated  with  the  diffraction  by  a  perfectly 
conducting  half  plane.  ^  simplified  far  field  representation  is  obtained  in 
Section  5,  while  Section  6  is  devoted  to  compilation  of  the  results  and  to 
brief  concluding  remarks. 
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2,  Formulation  of  the  boundary  value  problem 

We  shall  first  describe  the  geometry  and  coordinate  37;"stem  used  here, 
and  then  specify  the  incident  field  and  the  boundary  conditions. 

Our  screen  is  a  semi-infinite  plane,  and  we  choose  a  right-handed 
system  of  cartesian  coordinates  (x,y,z)  where  the  y  axis  coincides  with  the 
edge  of  the  screen,  and  the  z  axis  is  perpendicular  to  the  plane  of  the  screen. 
The  screen  lies  in  the  part  of  the  x-y  plane  for  which  x  is  positive.  In  addi- 
tion to  the  xyz  system  we  introduce  a  rotated  system  of  coordinates  K>*1  fZ, 
where 

(1)  £;  =  X  cos  a  +  y  sin  oi, 

(2)  1  =  -X  sin  a  +  y  cos  a. 

The  screen  is  conducting  in  the  ?  direction  only.  The  incident  wave  is  specified 

^- 
by  its  magnetic  field  in  the  form 


(3)       ft„  =Ae 


13^. 


r 


inc 


where  k  is  s  prescribed  propagation  vector,  whose  x,y,z  components  are  k, ,  kp,  k_ 

2    2    2    2 

respectively,  with  k,  +  kp  +  k_  =  k  .  We  assume  the  number  k  to  have  a  small 

positive  imaginary  part.  The  components  of  the  vector  r  in  the  xyz  system  are 
X,  y,  z  respectively.  The  vector  A  is  a  prescribed  constant  vector.  Of  course 
the  vectors  k  and  !\   are  not  independent^  from  the  divergence  condition  we  have 

(1|)       k  '  t    =    0. 

(The  incident  electric  vector  can  be  determined  from  the  incident  magnetic  vector 
via  Maxwell's  equations.)  Our  total  electric  and  magnetic  fields  are  denoted  by 

E,  H  respectively. 

*,        -icot  . 
A  factor  e     is  to  be  understood  as  multiplying  all  our  fields. 
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We  now  turn  to  the  formulation  of  the  boundary  conditions  which  are 
intended  to  express  the  unidirectional  conductivity  of  the  screen.  /According 
to  Toraldo  di  Francia  (private  communication)  these  are  expressible  as  follows: 


(5)       E^  =  0 


(6)      Fh^I  s  H^(x,y,0*)  -  H^(x,y,0")  =  0 


(7) 


[\] 


z   =  0,x  >  0 


J 


Here  the  notation  Ew  means  the  C  component  of  the  total  vector  E.  That  these 
conditions  are  reasonable  is  suggested  by  thEor  successful  employment  in  the 
theory  of  a  traveling  wave  tube  constmcted  of  a  tightly  wound  helical  wire. 
(See  [2],  for  example). 

In  addition  to  the  above  conditions  Toraldo  proposes  the  edge  condition 


(8) 


N  ->° 


at  the  edge  of  the  screen.  This  condition,  which  is  necessary  in  order  to  have 

a  unique  solution,  represents  the  vanishing  of  the  currents  at  the  ends  of  the 

wires  composing  the  screen. 

To  complete  the  specification  of  the  fields  to  be  determined,  we  have 

to  impose  the  conditions  that  (5f  -  E.   )  and  (H  -  H.   )  are  to  be  outgoing  at 
^  xnc  mc 

infinity.  In  view  of  our  use  of  a  complex  k,  it  follows  that  these  vectors 
vanish  at  infinity. 

In  addition  to  the  above  conditions  we  have  found  it  necessary,  in 

analogy  with  the  theory  of  perfectly  conducting  screens,  to  require  (cf.  Meixner  l_2j ) 

1  -/I 2 

that  our  fields  are  less  singular  at  the  edge  than  — ,  where  p  =  /  x  +  z  . 

P 

Of  course,  in  the  exterior  of  the  screen,  E  and  H  must  satisfy  Maxwell's 
equations 


-  u  - 


(9) 


a)     V  /  E     -     i^H 
c 


b)     VXH     =     -^E 
c 


c)  div  E     =     0 

d)  div  H     -    0, 


3.     Reduction  to  a  scalar  problem 

We  now  reduce  our  problem  to  a  scalar  problem.      To  this  end  we  note 
that,   from  9a) 


_c_  a 


aE 

z 


a7 


while  we  know  that 


a^E, 


az 


a^E. 


^' 


^\        2 

arc      *• 


Using  9c)  we  infer  that 


(11) 


an 


c 

ioi 


eE, 


aE, 


_a,  /  3  ^  -"t 
avj.  I  ac   §Y 


a^, 


a^E 


^.k^E 


34 


n. 


Since  [e^]  =  0  by  (5)  and  JE  ]  =  0  by  (?),  this  must  also  be  true  of 
their  derivatives  in  directions  tangential  to  the  screen,  whence  we  infer  that 


(11a) 


aH^ 
az^ 


0. 


We  recall,  in  addition,  that  [H^I  =  0,  u:f,  equation  (6)). 

By  the  above  arguments  we  have  established  that  the  wave  function  Hw 
is  continuous  together  with  its  derivatives  through  the  screen.  It  follows  that 

it  is  a  i*egiilar  wave  function  everyw!  ere  except  possibly  in  the  neighborhood  of 

inc 
the  edge.  The  same  is  therefore  true  of  h^  =  PL.  -  H^  .  The  function  h^.  is  also 
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outgoing  at  infinity.  Such  a  function  can  be  developed,  by  separation  of 
variables,  in  the  form  e    multiplied  by  a  series  of  Hankel  functions  of 
integer  and  zero  order.  Our  restriction  on  the  order  of  magnitude  of  edge  singu- 
larity excludes  the  non-zero  orders.  Therefore  h^.  must  be  either  a  multiple  of 

^2^  (1) 
e    H^  (Kp)  or  it  must  vanish.  We  adopt  the  latter  ansatz,  in  order  to  avoid 

.^ 
the  possibility  of  too  large  E  fields  which  would  otherwise  be  generated  by 

equation  (9b).  We  shall  show  that  a  solution  may  be  constructed  on  the  assump- 
tion h»,  =  0  which  will  thus  be  justified.  It  is  to  be  noted  that  the  simpler 
problem  of  reflection  ard  transmission  of  plane  waves  by  a  fully  infinite 
unidirectional  screen  can  be  shown  to  have  this  behavior. 
Since  we  have  h^  =  0,  we  deduce  from  (9d)  that 


(12) 


ah. 


ah. 


=  0, 


ai^    az 

so  that  we  can  introduce  a  scalar  wave  function  u(x,y,z)  such  that 


(13a) 


h^  =  ^ 


8u 

ez 


(13b) 


V,  _  au 


We  can  then  express  the  quantity 


e     -    E    -    E 


mc 


in  terms  of  u  via  (9b),  (13a) j  and  (13b).  '/.'e  find 


(lU) 


s 


c   a^u  a^u 
c  f  a^ul 

La^azJ  • 


c 

123 


c 


Li? 


+  k' 


^1 


This  font!  is  valid  for  a  straip;ht  edge,  but  the  ensuing  result  may  be  plausibly 
extended  to  any  smooth  edged  screen,  since  it  is  a  statement  about  behavior  in 
the  small  (p  ->  O). 
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Since  our  incident  fields  are  certainly  regular  at  the  screen,  the  conditions 
(5),  (6),  (7),  and  (8),  become 


(15) 


(15a) 


(16) 


(17) 


2 
3  u  .  ,  2       aro  „inc 


i? 


+  k 


.  [ul  =  0;  i.e.,  [u]  =  M\)e^^   +  B(»|^)e"^ 


^  for  z  =  0 
X  >  0 


J 


ecan 


[u]  =  0 


6u 
dz 


0  at  the  edge 


'   for  z  =  0  and  x  >  0 


The  natural  procedure  is  to  obtain  the  general  solution  for  the  values 
of  u  on  the  screen  from  (l5),  in  the  form  of  a  particular  solution  plus  an  un- 
determined complementary  function.  Using  these  values  of  u  as  boundary  conditionSj 
we  determine  the  outgoing  wave  function  u  in  all  space,  and  compute  \-r-\ .     Then 
we  impose  condition  (17)  and  thereby  determine  the  complementary  function,  where- 
upon u  is  determined.  This  procedure  will  be  followed  in  the  ensuing  section. 


U.  Determination  of  function  u(x,y,z) 

The  concluding  remarks  of  Section  3  constitute  a  program  which  is 
applicable  to  any  screen  whatever,  but  of  course  we  have  not  shown  that  a  suit- 
able complementary  function,  allowing  the  fulfillment  of  (17),  always  exists.  We 
shall  now  call  in  to  play  the  fact  that  we  are  dealing  with  a  half-plane  in 
order  to  simplify  the  matter  further.  To  this  end  we  assume  a  special  form  of 
solution,  based  on  the  fact  that  the  conditions  of  the  problem  depend  on  y  only 
via  the  incident  wave.  Accordingly,  we  assume  that  (as  is  the  case  for  the 
incident  wave),  all  our  field  quantities  have  the  form  e     times  a  function  of 
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A      ^2^ 
X  and  2  alone.  Thus  we  set  u  =  u(x,z)e    .  Since  all  our  fields  are  wave 


functions,  this  implies  that 


(18)       L|  .  i^  .  (k2  .  k^)  ^  =  0. 

dx      dz 


Now  from  (l5a)  we  have 


(19)  [u]     =     A(n)e^  +  B(a)e-^. 


Differentiating  (19)  with  respect  to  K   aixl  *[  ,  and  applying  (16),  we  conclude 
that 

(20)  A'(t  )  =  B^"^)  =  0, 

in  view  of  the  absurd  result  (e~   ^  =  constant)  which  follows  from  the  contrary- 
hypothesis. 


Now  we  note  that  if  k  is  in  the  C  direction,  we  have  E    =0  (since 


,inc 

E^"°   .  Ic  =  0),   and  then  the  solution  of  our  problem  is,  trivially,  E  =  E       , 
H  =  H^"*^.     V/e  exclude  this  case  from  what  follows.     Then,   from  (l5),  we  have 

i(k,x  +  k„y)  .        . 

(21)  u^^  +  k^u     =     De       ^  ^     J     D     =     -^E^°(0,0,0). 


The  general  solution  is 
(22) 


u(x,iO,y)  =  /-(^)  e"^^  +  B^(ri)  e  ^  +  D^e 


where  the  superscripts  denote  the  value  on  upper  and  lower  sides  of  the  screen, 

and  where 

(22a)      D^  =  D/(k^-  (k^  cos  a  +  kg  sin  a)^)  =  -  ^  E^"''(0,0,0)/[k2-(k-LCOs  a 


*  kpsin 


a)']. 
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ik 


2^ 

Now  for  a  half  plane  as  noted  above,  we  have  u  =  u(x,z)e     so  that  we  must 

have 

^        +    i(k4-k  y)  ^  -i(k4+k  y)     ilc  x 

(23)     u(x,+0)  =  A^(l|)  e        +  B^(^)  e      ^  +  Ilj_e  ^  , 

where  the  right  side  of  (23)  must  be  independent  of  y.  We  differentiate  with 
respect  to  y  and  set  the  result  equal  to  0,  and  obtain 


(2U)   /^(^)co3  a  +  i  A^(k  sin  a  -  k^)  e^^  + 


b' ("7)003  a  -  iB^(k  sin  a  +  kg)  e~^^=0 


ik£     -ik£ 
which  implies  that  the  coefficients  of  e  ^  and  e   -  must  vanish.  It  follows 

from  (2U)  that 


(25) 


±  t  r  -I 

U('T)  =  aT  exp[i(-k  tan  a  +  kp  sec  a)  "tj 


+  -r 

B"(*1)  =  b~  exp[i(k  tan  a  +  kp  sec  a)"^"] 


where  aZ   and  >:'.  are  constants.  Substituting  in  the  expression  (23)  for  u(x,0) 
we  find 

ik,x 


(26) 

where 
(27) 


^         +  ic-,x    +  xCpX     ik^x 

u(x,10)  =  a'  e    +  b'  e     +  D^e  ^      x  >  0 


c,  =  k  sec  a  -  k^tan  a 


(28)      Cg  =  -k  sec  a  -  kp  tan  a. 

Ifow  our  incident  wave  has  a  real  angle  of  incidence,  whence  it  follows 
that  k_  =  k  •  Y  where  the  direction-cosine  y  is  less  than  1  in  absolute  value. 
Since  k  has  a  positive  imaginary  part,  we  can  now  infer  that  c,  has  a  positive 
imaginary  part  while  c_  has  a  negative  imaginarj''  part.  The  wave  function  u 
should  be  finite  at  infinity,  and  consequently  we  must  discard  the  term  in  C- 
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which  is  exponentially  large  at  x  =  +00. 

From  the  resulting  simplification  of  (26)  and  from  (20),  we  can  now 
conclude  that   [u]   =0,  unless  k  sin  a  =  k^.     We  shall  postulate  that   [u]   ■  0 
in  any  case.       The  E  and  II  field  so  obtained  is  verifiable  by  direct  calculation. 

In  view  of  equations  (17),   (16)  and  (26),   and  in  view  of  the  arguments 
of  the  last  paragraph,  our  boundary  value  problem  for  u(x,z)£u(x,y,z)e 
can  therefore  be  expressed  as  follows: 

(29)  (  -^  +  j!  +  K^  K     =     0;         K^  =  k^-  k^  >  0  . 

(30)  u  ->  0     at   00. 

ic,x  ik,x 

(31)  u(x,0)     o     a^e  +  D^e  J  x>0 


(32)  [llj   ->o     as  X  ->0*   . 


These  equations  suggest  that  we  solve  for  u  in  the  form 


(33)      u(x,z)  =  a,v(x,z)  +  D-|_w(x,z) 

v/here 

ic-x         ik-x 
(3U)      V  =  e     ;  w  =  e         for  z  =  0,  x  >  0, 

and  both  v  and  w  vanish  at  00.  V/e  shall  see  that  a  solution  can  actually  be 
achieved  by  this  ansatz. 

After  solving  for  v  and  w,  we  must  compute  ] v  [  and  [w  1 ,  and  choose 

Actually,  if  k  sin  a  =  kp  the  foregoing  analysis  merely  shows  that 
[G]  =  ra-.lexp(ic^x)  =  [a."lexp(ii:  cos  ax).  But,  at  a  later  stage  of  the 
argviment,  after  applying  the  edge  condition  on  jH  1  one  could  show  the 
necessity  of  Fa-l  »  0,  i.e.  of  [u]  =0. 
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the  constant  a,  so  as  to  enforce  the  condition  [u  1  =  0  at  the  edge.  Now  it  is 

apparent  that  the  function  w  is  nothing  but  the  scattered  field  produced  by  the 

diffraction  of  the  plane  wave  exp  i(k,x  +  /Y.   -k,z  )  at  the  half  plane  z  =  0, 

X  >  0.  The  solution  of  this  two-dimensional  problem  is  well  known.  On  the 

other  hand,  the  function  v  cannot  be  interpreted  in  this  way,  since  we  cannot 

form  a  two-dimensional  plane  wave  (with  real  angle  of  incidence)  which  adopts 

ic,x 
the  value  e     at  z  =  0,  It  is  however  possible  to  solve  for  v  by  a  simple 

modification  of  a  method  due  to  Lamb'-  -^  .  For  the  sake  of  completeness  we  also 

give  the  determination  of  the  function  w  by  this  method. 

Let  us  first  determine  v.     We  define  a  fvinction  T(x,z)  by  the  equation 

(35)  T(x,z)     =     g  -  ic^v     =     e'"'^''    4  (ve"''''^^). 

x/7 ? 

The  function  T  must  vanish  at  z  =0,  x  >  0.     Let  p  =     /x  +  z     , 
©  =  arctan  — ,  0  <  6  i;  2n,     Then  a  solution  T  obeying  the  boundary  conditions 
is 

iKp 

(36)  Y     =     Yq .   sin  9/2   j  Y^  =  constant. 

We  now  solve  the  ordinary  differential  equations  (35)  for  v  and  obtain 


ic,x 


(37)      v(x,z)  =  e  ■^' 


I     exp[-ic^x^l  Y(x^,z)  dx^  +  f(z) 


X  =-00 

o 


Here  f(z)  is  a  constant  of  integration.  Using  the  fact  that  Y  is  a  wave  function 
in  order  to  calculate 


■M-     2   2      2  2 

Note  K  -  c,  =  -k  (sin  a  -  sin  p)   <  0,  if  we  define  sin  p  =  k^A. 
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-00  -00 


by  partial  integration,  we  find  that  the  first  term  in  our  expression  for  v  is 
a  wave  function.  Thus  the  function  f(z)  must  be  of  the  form 


f^  exp  iz  f^-   c^    +  fg  exp  -iz  )^-  c^   , 


(where  f,  and  fp  are  constants),  if  the  whole  expi^ssion  (37)  for  v  is  to  be 

a  wave  function.  However,  one  of  these  terms  is  exponentially  large  as 

z  ->  +00,  and  the  other  is  large  as  z  ->  -oo,  provided  k_  f^  k  sin  a.   (If  k^  =  k  sin  a, 

then  the  terms  are  constants).  On  the  other  hand,  the  integral  tenn  occurring  in 

(37)  goes  to  zero  as  |z|  ->  oo,  as  can  be  seen  by  substituting  the  formula  for 

Y  in  the  integral.  Since  we  require  that  v  ->  0  at  infinity,  the  above  remarks 

show  that  f-  =  f p  B  0  (whether  or  not  k-  ■=  k  sin  a). 

We  have  yet  to  determine  Y  .  This  can  be  done  by  evaluating  v(x,0)  for 

°  ic,x 

x  positive,  from  equation  (37) j  and  setting  it  equal  to  e    .To  do  so  we  first 

note  that  for  z  =  0,  x  >  0,  Y(x  ,0)  =0,  while  for  z  =  0,  x^  <  0,  we  have 


(38)  Y(x^,0)     =    Y^ 


expFiKlx^lj 


since  9  «  n/2  in  this  range.     Consequently  we  obtain 

^       -ic^x^     exp|iK|xj] 


v(x,0)     =     Ye     ^ 


ICtX 

0~' 


1C,X 

dx       =     e 
o 


X   =-00 

o 


whence  it  follows  that 
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(39) 

and 

(39a) 


^0=  1' 


{      exp  -i(K+c, )x  1 
I        o 


dx 


/^ 


'1   -inA 
—  e   ' 


-oo 


v(x,z)  =  exp 


ic-,x 


X 

J     exp(-ic^x^)Y(xQ,z)dx  J 


X  =-CXD 
O 


We  determine  w  similarly,  by  introducing  the  function 


The  function  w  must  represent  outgoing  waves  at  oo.  Of  course,  as  is  well 
known,  in  certain  regions  of  space,  these  outgoing  waves  will  be  partly  plane 
waves.   In  fact,  w  is  the  negative  of  that  scattered  wave  which  corresponds  to 

)  ik-x  +  iz  /  K  -  k^ 


the  incident  wave  exp  ik-> 


,  and  therefore  w  will  contain 


shadow- forming  waves  or  reflected  waves,  in  the  appropriate  regions  of  space 


■K- 


indicated  by  geometrical  optics.  However,  such  waves  depend  on  x  in  the  form 

ik-x 
e    .  Consequently  ^  =  w  -  ik,w  ->  0  at  oo.  Thus 


(ID) 


j25=0. 


^iKp 
1^ 


3xn  ^  ,  0^ 


constant. 


Solving  for  w  we  obtain 


(Ul) 


ik^x 


w  "  e 


^  J   exp[-iJc^xJ  0(x^,z)dx^ 

-00 


where  the  homogeneous  exponential  solutions  which  are  otherwise  possible  are 


The  shadow-forming  wave  is  the  negative  of  the  incident  wave  while  the  reflected 
wave  has  the  form  exp( 
as  remarked  above. 


ive  is  the  negative  of  the  incident  wave  while  the  reflected 
)(ik-x  -  iz  )iC  -k^  ).  Thus  both  are  proportional  to  exp(ik^x), 
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rejected  as  violating  the  outgoing  condition.  The  constant  0  is  determined 
by  the  same  procedure  that  we  employed  in  the  case  of  the  function  v.  We  find 

o 
(U2) 


-^1^0 


exp 


-00 


iK|x  1 
'  o' 


/K^ 


o'   4 


dx 


^ 


!i  g-inA  . 


We  have  now  determined  the  functions  v  and  w,  and  we  have 
u(x,0)  =  a-v  +  D,w. 
The  constant  a,  is  now  to  be  determined  by  calculating  U—  and  requiring  it 


to  vanish  as  x 


0^. 


is  useful  to  notice  that  the 


Faul 

In  order  to  study  the  behavior  of     ^     it  i; 
wave  functions  (v  -  exp  i(c^x  +  /K  -c,    z)    )  and  (w  -  exp  i(k,x  +  jr  K  -kZ^     z)   ) 
vanish  on  the  screen,   and  are  finite  at  the  edge.     Consequently  they  can  be 
developed  near  the  edge  in  Fourier  series  of  the  form 


^     c^  J^/2   (Kp)  si^  §  9. 
n=l  ' 


In  these  series  the  terms  of  odd  index  have  discontinous  z  derivatives  at  the 

screen.     The  leading  terms  are  0(  ^'r  sin  9/2)  and  give  rise  to  a  discontinuity 

in  r-  and  ■5—  of  order  of  magnitude  r~       .     The  remaining  terms  of   L—     tend  to 
oz  oz  ^  '='  JjBzJ 

zero.     Therefore  we  must  choose  the  constant  a^    so  as  to  cause  the  leading  terms 

3v  Sw 

of  a-  ^  and  D,  ^  to  cancel  each  other.     This  is  achieved  by  selecting 


ih3) 


¥0  ,    /^"^ 


as  is  evident  from  the  fact  that 


a^*¥  =  ^l(i  -  i^l)^^^l(i-^l)^ 


-  m  - 


then  vanishes,  whence  a-.  ^  +  D^  ^  must  be  finite,  whence  in  turn  the  odd 
index  terms  in  a.v  +  D,  w  must  vanish  more  rapidly  than  y'r  sin  9/2. 

We  have  now  detern.ined  the  constant  a,  and  the  functions  v  and  w.  (These 
functions  can  be  expressed  as  Fresnel  integrals,  but  this  is  not  necessary  for 
our  purposes.)  ^fe  now  observe  that  via  equations  (UO)  to  (U2),  (39)  and  (39a), 

and  (22a),  and  (33)  and  (U3)  we  have  a  determination  of  u(x,z),  and  of 

^2^ 
u(x,y,z)  =  u(x, z)  e    .  We  then  obtain  h^  and  h  from  equations  (13)  and 

(13a),  Now,  using  (9b)  we  can  determine  the  scattered  field  e,  and  our  solution 
is  complete.  This  solution  is  collected  and  given  explicitly  in  Section  6.  Inspec- 
tion shows  that  it  is  valid  whether  or  not  k  sin  a   =  kp.  Thus  that  restriction 
is  irrelevant,  as  noted  earlier. 


$,     Determination  of  the  far  field 

It  is  of  interest  to  supply  a  determination  of  the  far  field.  In  order 

A  ^2^ 

to  do  this  we  note  that,   since  u(x,y, z)  =  u(x, z)e         ,  we  expect  a  representa- 
tion of  the  far  field  to  have  the  standard  form, 

(hU)  M   ^  e     ^  i U(9)  +  D     expTik^x  +  ik   |z|     m(9) 

vrhere  m(9)   is  r  step  function  (whose  form  we  indicate  subsequently)  which 
represents  the  shadow- forming  and  reflecting  properties  of  the  screen.     Our 
ob.ject  is  now  to  determine  U(&).     Once  U(9)   is  deterrained,  we  can  obtain  the 
corresponding  representations  of  the  cartesian  components  of  e  and  h.     Now  we 
note  that 

(U5)  u     =     a,v  +  D^w, 

so  that  to  obtain  U(9)  we  only  need  to  know  the  amplitude  functions  V(9),  W(©) 
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such  that 


(U6) 


^ 


iKp 
2 Y{») 

iKp 


w 


/P 


W(©)  +  in(e)  exp  ik,x  +  ik^lxl 


'   as  p  ->oo  with  fixed  &. 


\-Ie   now  must  specify  the  function  m(©),  and  then  determine  V(€))  and  W(B).  The 
function  m(9)  is  readily  obtained  from  geometric  considerations  since  the  term 
it  affects  represents  the  value  of  w  according  to  geometrical  optics.  We  have 

/7^ 


(U8)     m(9)  =1,     0  <  9  arctan  r^  =  arctan 

^1 


^ 


=  9 
-     o 


(the  shadow  region). 


m(9)   =0,  9     <  9  <  2n  -  9^ 


m(6)  =1,  2n  -  9^  <  9  <  2n. 


(the  reflection  region). 


The  lines  9  =  9,G  =  2tt-9     are  celled    'shadow  lines'   in  the  literature.     On 
o  o 

these  lines  the  function  w(6)  becomes  infinite,  as  we  shall  see,  (cf.  (5l)), 
and  the  asymptotic  representation  (U6)  fails. 

These  results  follow  from  the  fact  that  at  infinity,  in  the  successive 
angular  regions  indicated  in  (U8),w  must  successively  c?.ncel  the  incident  wave 
to  form  a  shadow,  leave  the  incident  wave  unperturbed,  or  provide  a  reflected 
wave.  The  functions  V(9),  W(&)  are  now  obtained  as  follows.  >fe  have 


(U9) 


dv  J 

^  -  ic^v  =  0 


iKp 


°  y? 


in  9/2 


sm 


^  iKp 

|2  _  il,  „  =  Y  e g^^  ^/2. 

6x      1      o 


/P 
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We  express  the  differentiations  in  polar  coordinates,  apply  then  to  the 

asjTnptotic  representations  given  in  equation  (U6),  and  re.iect  terrr^s  of  higher 

-1/2 
order  than  p         .     Tlien  vre  obtain 

i(K  cos  9  -  c^)  V(&)   =  Y^  sin  I 

i(K  cos  &  -  k  )  W(»)  =  0Q  sin  •^  . 
Consequently 

($))     v(e) 


Y  sin  9/2 

0 


(51) 


W(&)  = 


iCl^  cos  &   -  c,  j 


0  sin  &/2 
i(K  cos  e  -  k^) 


From  equation  (U5)  we  deduce  that  U(&)  =  a^V(9)  +  D^W(e),  whence 

^^0 


(52) 


* 


U(&)  = 


in  9/2  , 


sm 


^li^o 


K  cos  &  -  C-,    K  cos  9  -  k. 


for  any  angle  ©  which  is  bounded  away  from  the  angles  9  ,  2n  -  9  ,  where 
9  =  arc  tan  k_/^  .  The  far  field  fonn  of  hy.  and  h^  can  be  obtained  from  the 
above  equations  by  the  asymptotic  differentiation  process  already  employed. 
The  relevant  formulas  for  differentiating  the  terms  involving  u(9)  and  v(9)are 


J.  =  iK  sin  ej  ^  =  JJ<2*  Ie  =  ^  ''^^  ^' 


so  tliat 
(53)  h 


3u  ^   exp[ik2y  ^  iKp] 

_  __  =  _  •*  •  (  -SI 


(-sin  a-iK  cos  ©  +  cos  a-ikp)  U'f^) 


-  D^  m(9)  J-ik-,sin  a  +  ik^cos  a  ■     exj)  ik-x  +  ik-,|zl 


""Mote  that  we  can  never  have  K  cos  ©  =  c^  for  a  real  non-zero  9,  in  view  of 
the  footnote  on  Page  9.  Thus,  the  only  shadow  lines  are  those  of  w,  aa 
indicated  in  (h8). 
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-    exp 


ik„y  +  iKp]   f  I  ^     r  T 

— ^ J-  <  xK  sin  9  U(©)>  +  D^in(e)ik-  -^   exp  ik^x  +  k  |z|  . 


/P 
These  are  the  results  we  aimed  at  in  this  section. 

6,  Conclusion 

A  solution  has  been  obtained  for  the  diffraction  of  the  electromagnetic 

plane wave 

ik«r 


-inc  ^  f  gXk.r  ^  -  exp[i(k^x  +  l:^  +  k^z)] 


by  a  screen  which  occupies  the  semi-infinite  plane  x  >  0,  z  =0,  and  which  is 
perfectly  conducting  in  the  direction  of  the  4  axis,  where 

K     =     X   cos  a  +  y  sin  a 

>1  =  -X  sin  a  +  y  cos  Qj 

a  being  a  prescribed  angle,  0  <  a  <  5,  under  the  restriction  that  k2-k  sin  a 
and  k-  are  not  simultaneously  zero.  The  field  obtained  is  a  solution  of  the 
boundary  value  problem  formulated  in  Section  2,  pp.  2,  3.  We  conclude  that 
the  idealization  embodied  in  this  boundary  value  problem  makes  sense.  The 
solution  we  obtained  is  defined  by 


H.  .  ,  =  H.   +  h 
total    inc 


E,  .T  =-^VXH 
total     10) 


whei>e 


with 


h  =  (hg,  h^,  h^) 


For  u  we  have  the  formula 
u  =  uCxjz;  e 
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^2^  r  1 


-0 


If  1  o 

e  I       e 

-00 


-ic^x^     iKp 

"  ®         sin  9/2  dx^ 


/P 


where 


ik,x    r        -xk^x       iKp 


-00 


sin  &/2  dx 

yp 


c^   5  k  sec  a  -  kp  tan  a 


1  - 


0     = 

^0   - 


ICO 

c 


E^"yp  -  (k^cos  a  +  kgsin  a)^j 


+k 


1  ^-inA 


Simple  asymptotic  representations  of  the  solution  which  are  valid  for  large  p 

are  indicated  in  Section  5.  Note  that  if  H    is  in  the  ?  direction  then 

Ev       =  0>   whence  D,    =  0,  u  =  0,   and  h  =  0,   so  that  the  screen  is  transparent  to 

a  plane  wave  whose  incident  magnetic  vector  is  parallel  to  the  direction  of 

conductivity. 

In  our  analysis  we  have  excluded  the  case  where  k  cos  a  ~  ^ -i »  ^  ^^  '^  "  kp> 

k_  =  0,  i.e.  k  in  the  direction  of  the  C  axis.  However,  in  this  excluded  esse 

"^inc        -inc 
we  have  E^   =0  and  IC   =  Oj  since  the  incident  S  and  H  vectors  are  orthogonal 

to  the  direction  of  propagation.  Then  we  again  have  the  trivial  solution 

E  =  E   ,  H  =  H   ,  since  the  boundary  conditions  are  then  trivially  fulfilled. 


Our  solution  is  therefore  complete. 


-  ]9  - 
References 


fl]     G.   Toraldo  dl  Francia  -  Electromagnetic  cross  section  of  a  small  circxJ.ar 

disc  with  unidirectional  conductiTityj  II  Nuovo 
Cimento,  Series  X,  3,  1276-8U  (1956). 


[2]     J.   R.   Pierce 
[3]     J.  Meixner 


[U]  H.  Lamb 


-  Traveling  Wave  Tubes;  New  York,  D.  Van  Nostrand, 
1953,  p.  23. 

-  Die  Kantenbedingung  in  der  Theorie  der  Beugung 
electromagnetischer  Wellen  an  volkommen  leitenden 
ebenden  Schirmen;  Ann.  Phys.,  (6),  6,  1-9  (19U9). 

-  On  Sommerfeld's  diffraction  problem;  and  on 
reflection  from  a  parabolic  mirror;  Proc.  London  Math. 
Soc,  Series  2,  U,  190-203  (I906). 


DL 


Commander 

Air  Force  Missile  Test  Center 
Patrick  Air  Force  Base,  Florida 
ATTN:  Techolcal  Library 

Conmander 

Air  Research  and  Development  Command 

Washington  2S,   D.O. 

ATTN I   RDDL 

Commander 

Air  Research  and  Development  Command 

Washington  25,  D.C. 

ATTN I  Major  E.  Wright,   RDTDRC-1 

Director 

Air  University  Library 

Maxwell  Air  Force  Base,  Alabama 

ATTNi  CR-U582 

Commander 

Air  Force  Missile  Test  Center 
Patrick  Air  Force  Base,  Florida 
ATTNt  Technical  Library 

Headquarters,  HSAF 

Director  of  Research  and  development 

Washington  2?,  D.C, 

ATTN  I  AFDRD 

Conraander 

Wright  Air  Development  Center 
Aright-Patterson  Air  Force  Base,   Ohio 
ATTNi  Mr.  Walter  J.   Fortune,  WCLtt>-6 

Commander 

Wright  Air  Development  Center 
Wright-Patterson  Air  Force  Base,   Ohio 
ATTN:  WCLNT-J,   N.  Draganjac 

Commander 

Wright  Air  Developnent  Center 
Wright-Patterson  Air  Farce  Base,  Ohio 
ATTNi  WCLRE-5,  Wave  Propagation  Section 

Air  Technical  Intelligence  Center 
Wright-Patterson  Air  Force  Base,   Ohio 
ATTN:  AFOlN-liBla 

(2)Coramander 

Rome  Air  Develo:nent  Center 
Srifflss  Air  Force  Base,   ^ev  York 
ATTN:  RCSST-3 

Coranander 

Rome  Air  Develoanent  Center 
Grlffiss  Air  Force  Base,   New  York 
ATTN   I  D.  Mather,   RCERT 

Rome  Air  Development  Center 
Grlffiss  Air  Force  Base,   New  York 
ATTHi  Dr.   John  Burgess,   RCER 


DISTRIBUTION  LIST  FOR  RESEARCH  REPORTS 

Contract  No.  AF  19(60U)1717 

(ONE  copy  unless  otherwise  noted) 

Director 

Evans  Signal  Laboratory 

Belmar,  New  Jersey 

ATTNt  Technical  Document  Center 

Massachusetts  Institute  of  Technology 
Signal  Corps  Liaison  Officer 
Cambridge  39,  Massachusetts 
ATTNi  A.D.  Bedrosian,  Room  2X-116 

Commanding  General 
SC  Engineering  Laboratories 
Fort  Monmouth,  New  Jersey 
ATTNi  Sceltechnical  Documents  Center 
Bay  2C122 

Departjient  of  the  Army 
Office  of  Chiaf  Signal  Officer 
Washington  25,  D.C. 
ATTNi  SIOOD 

Department  of  the  Amy 

Office  of  Chief  Signal  Officer 

Engineering  and  Technical  Division 

Washington  25,  D.C. 

ATTNi  SIGNET-5 

Diamond  Ordnance  Fuze  Laboratories 

Washington  25,  D.C. 

ATTNi  Guided  Missile  Fuze  Library 

R.D.  Hathcher, 

Chief  Microwave  Dev.  Section 

(lO)Armsd  Services  Tech,   Information  Agency 
Arlington  Hall  Station 
Arlingtonl2.,  Virginia 
ATTN:   DSC-SA 

National  Bureau  of  Standards 
Boulder  Laboratories  Library 
Boulder,  Colorado 
ATTNi  Mrs.  Victoria  S.  B?rker,  Lib, 

National  Bureau  of  Standards 
Department  of  Commerce 
Washington  25,  D,C, 
ATTN:  Dr.  A.G.  McNish 

National  Bureau  of  Standards 

Department  of  Commerce 

Washington  25,  D.C. 

ATTN:  Gustave  Shapiro 

Electronic  Miniaturization  Lab. 
Engineering  Electronics  Section 
Electricity  and  Electronics  Dlv. 

Director 

National  Bureau  of  Standards 

Central  Radio  Propagation  Lab. 

Boulder,  Colorado 

ATTN:  Division  llj.O 


Ccmmander 

Holloman  Air  Research  and  Development  Center 

Holloman  Air  Force  Base,  New  Mexico 

ATTN:  HDOI 

Director 

Ballistics  Research  Laboratory 
Aberdeen  Proving  Ground,  Maryland 
ATTN:  Ballistics  Measurement  Laboratory 

Ballistic  Research  Laboratories 
Aberdeen  Proving  Ground,  Maryland 
ATTHi  Technical  Information  Branch 
Victor  W.  Richard 

Director 

Evans  Signal  Laboratory 
Belmar,   New  Jersey 
ATTN:  Mr.  O.C,  Woodyard 

Director  Comnunlcations  and  Electronics 
nq.,  D.S.  Air  Force 
Washington  25,  D.C. 
ATM:  AFDAC  s/e 


(2)0ffice  of  Technical  Services 
Department  of  Commerce 
Washington  25,  D.C. 
ATTNi  Technical  Reoorts  Section 

Library,Div.   of  Public  Documents 
U.S.  Government  Printing  Office 
Washington  25,   D.C, 

Director,  National  Security  Agency 
Washington  25,  D,C, 
ATTN:  R/D  (331) 

(2)Hq,  Air  Force  Cambridge  Research  Center 
Air  Research  and  Development  Command 
Laurence  G,  Hanscom  Field 
Bedford,  Mass, 
ATTNi  CROOTR-2  -  P,  Condon 

(5)Hq.  Air  Force  Cambridge  Research  Center 
Air  Research  and  Development  Command 
Laurence  G.  Hanscom  Field 
Bedford,  Mass. 
ATTN:  CROOTR  -  J.  Armstrong 

(3)Hq.  Air  Force  Cambridge  Research  Center 
Air  Research  and  Development  Command 
Laurence  C.  Kanscom  Field 
Bedford,  Kass. 
ATTN:  CRRD  -  R.E.  Hiatt 


Chief,  Bureau  of  Aeronautics 
Department  of  the  Navy 
Washington  25,  D.C. 
ATTN:  Code  Aer-TD-(jllj 

Chief,  Bureau  of  Ships 

Navy  Department 

Washington  25,  D.C. 

ATTN:  Mr.  E.  Johnston,  Code  "38 

Commander 

U.S.  Naval  Air  Missile  Test  Center 

Point  Mugu,  California 

ATTN:  Code  366,  MT-6 

U.S,  Naval  Ordnance  Laboratory 
White  Oak,  Silver  Spring  19,  Maryland 
ATTN:  The  Library 

Commander 

B,S,  Naval  Ordnance  Test  Station(Code  753) 

China  Lake,   California 

ATTN:  Tech,  Library  Branch 

Librarian 

U.S,  Naval  Postgraduate  School 

Monterey,  California 

Director 

U.S,  Naval  Research  Laboratory 

Washington  25,  D.C. 

ATTN:  Code  2021 

Director 

U.S.  Naval  Research  Laboratory 

Washington  25,  D.C. 

ATTN:  Code  1110 

Director 

U.S.  Naval  Research  Laboratory 

Washington  25,  D.C. 

ATTN:  J.  Bohnert,  Code  5250 

Commander 

U.S.  Navy  Underwater  Sound  Laboratory 
Fort  Trumbull,  New  London  Conn. 
ATTN:  Mr.  CM.  Dunn 

Chief  of  Naval  Research 

Navy  Department,  Washington  25,  D.C. 

ATTN:  Code  U27 

(2)Commanriing  Officer  and  Director 
U.S.  Navy  Electronics  Lab.  Library 
San  Diego  52,   California 

Chief,   Bureau  of  Ordnance 
Navy  Department,   Washington  25,   D.C, 
ATTN:  Technical  Library,   Code  Ad3 
Mr.   H.  B.  Rex,   Code  ReStl 

Chief,  Bureau  of  Ordnance 

Navy  Department,   Washington  25,   D.C, 

ATTN:  Mr,  C,K.  Jackson,  Code  Re9a 

Chief,  Bureau  of  Ordnance 

Navy  Department,  Washington  25,   D,C* 

ATTN:  L,E,  Wallingford,   Code  RekF 

Chief,  Pureau  of  Aeronautics 

Department  of  t  he  Navy,  Washington  25,   D,C, 

ATTN:  Code  Aer-EL-931 

(2  )Commander 

U,S,   Naval  Air  Development  Center 
Johnsvllle,   Pennsylvania 

Commander 

U,S.   Naval  Air  Test  Center 
Patuxent  River,   Maryland 
ATTN:  ET-315,  Antenna  Section 

Naval  Ordnance  Laboratory 
Corona,   California 
ATTN:  Library 

U,S,  Naval  Ordnance  Laboratory 

Dept,   of  the   Navy 

Corona,   California 

ATTN;  Dr,   Robert  L,  Conger 


DL  -  2 


Airborne  Inatniments  Laboratory,   Inc. 

IfO  Old  Country  Road 

Mineola,   Nev  York 

Attni     Dr.  E.O.   Fubini,   Director 

Research  and  Engineering  Division 

Alrcom,   Inc. 
35U  Main  Street 
Wlnthrop,  Mass. 

American  MacMne  and  Foundry  Company 

Electronics  DlTlaion 

1085  CopTOOnwealth  Avenue 

Boston  15)  Mass. 

Attn:  Mrs.  Rita  Moravcsik,  Librarian 

Andrew  Alford  Consulting  Engineers 
299  Atlantic  Avenue 
Boston  10,  Mass. 

Avion  Division 
ACF  Industries,   Inc. 
800  North  Pitt  Street 
Alexandria,   Virginia 
Attni  Technical  Library 

Battelle  Memorial  Institute 

505  King  Avenue 

Columbus   1,   Ohio 

Attni     Dr.  Bernard  H.  List 

Bell  Aircraft  Corporation 
P.O.  Box  One,   Buffalo  5,   N.Y. 
Attni  Mrs.   J.  Mulcahey,  Tech.  Lib. 

Bell  Telephone  Laboratories,  Inc. 
Whippany  Laboratory,  Whippany,  N.J. 
Attn:  Technical  Information  Lib. 

Bendlx  Aviation  Corporation 
Pacific  Division,   11600  Sherman  Way 
North  Hollywood,   CaUf . 
Attni  J.R.  Brenlnger,   Qigr.  Librarian 

Bendlx  Radio,   Dlv.  of  Bendlx  Aviation  Corp. 
East  Joppa  Road,   Towson  h,  Maryland 
Attni  Dr.  D.H.  Allison,   Jr. 

Dlr.  Qiglneering  and  Research 

Bjorksten  Research  Laboratories,    Inc. 

P.O.  Box  265 

Madison  1,  Wisconsin 

Attni  F.B.    Korsgard,   Treasurer 

Boeing  Airplane  Company 

Pilotless  Aircraft  Division 

Seattle  2U,   Washington 

Attni  R.R.   Barber,  Library  Supervisor 

Boeing  Airplane  Company 

Wichita  Division  Engineering  Library 

Wichita  1,    Kansas 

Attn:    Kenneth  C.    Knight,   Librarian 

Boeing  Airplane  Company 

Seattle  Division 

Seattle  lii,   Washington 

Attni  E.T.  Allen,  Library  Supervisor 

Convair,   A  Division  of  General  Dynamics  Corp. 

Fort  Worth,  Texas 

Attni   K.Q.  Brown,   Division  Research  lib. 

Convklr,  A  Dlv.  of  General  Dynamics  Corp. 

San  Diego  12,   California 

Attni  Mrs.  Dora  B.  Burke,   Engr.  Lib. 

Cornell  Aero.   Laboratory,   I.ic. 

hiiSS  Genesee  Street 

Buffalo  21,   New  York 

Attni  Elma  T.   Evans,   Librarian 

Dalmo   Victor  Company 

A  Division  of  Textron,   Inc. 

1515  Industrial  Way 

Belmont,   California 

Attni  Mary  Ellen  Addems,   Tech.  Lib. 

Dome  and  Margolin,    Inc. 
30  Sylvester  Street 
Westbury,   Long  Island,   N.Y. 


Douglas  Aircraft  Company,  Inc. 
P.O.  Box  200 

Long  Beach  1,   California 
Attn:  Engineering  Ub.    (C-250) 

Douglas  Aircraft  Company,   Inc. 
827  Lapham  Street 
El  Segundo,   California 
Attni  Engineering  Library 

Douglas  Aircraft  Company,   Inc. 

3000  Ocean  Park  Boulevard 

Santa  Monica,   California 

Attni  Eq.   Sec.  Ref.  Files,   Eq.  Eng.  A250 

Douglas  Aircraft  Corporation 
2000  North  Memorial  Drive 
Tulsa,   Oklahoma 
Attni  Engineering  Library,  D-250 

Electronic  Communication,   Inc. 

St.  Paul  Street  at  University  P»rkway 

The  MarylandB*  Apartments 

Baltimore  18,  Maryland 

Attn:  Dr.  D.D.  King,   Vice-President 

Electronic  Defense  Laboratory 
P.O.  Sox  205 

Mountain  View,   CaUfomia 
Attni  Library 

Electronics  Research,   Inc. 

2300  N.New  York  Avenue 

Evansvllle,   Indiana 

Attni  B.H.  Baldrldge,  Engr.  Supervisor 

Emerson  and  Cuming,  Inc. 
86'  Washington  Street 
Canton,   Mass. 
Attni  W.R.  Cuming 

The  Einerson  Electric  Mfg.   Company 

8100  Florissant  Avenue 

St.  Louis  21,  Missouri 

Attni  Mr.    E.   Breslln,   Librarian 


Fairchlld  Aircraft 
Division  Fairchlld  Eng. 
Hagerstown,  Maryland 
Attni  Library 


and  Airplane  Corp, 


Farnsworth  Electronics  Company 
Fort  Wayne  1,   Indiana 
Attni     Technical  Library 

Federal  Telecommunication  Laboratories 
500  Washington  Avenue 
Nutiev  10,  New  Jersey 
Attni  Technical  Library 

Oabriel  Electronics 
Division  of  Gabriel  Company 
135  Crescent  Road 
Neadham  Heights  9U,  Mass. 
Attn:  Mr.   Steven  Qalagan 

Qensral  Electric  Company 
Ithaca,  New  York 
Attn:     J.B.  Travis, 

Advanced  Electronics  Center 

General  Electric  Company 
Electronics  Park 
Syracuse,  New  York 

Attni  Bessie  Fletcher,   Documents  Library 
Bldg.  3-lli3A 

General  Precision  Laboratory,   Inc. 

63  Bedford  Road 

Pleasantvllle,   New  York 

Attn:  Mrs.  Mary  G.   Herbst,   Librarian 

Goodyear  Aircraft  Corp. 
1210  Massillon  Road 
Akron  15,   Ohio 
Attni  Ubrary  D/120  Plant  A 

Granger  Associates 

Electronic  Systems 

966  Commercial  Street 

Palo  Alto,  California 

Attni   John  V.N.  Granger,   Pres. 


Oru«»»n  Aircraft  Engineering  Corp. 
Bethpage,  Long  Island,   N.Y. 
Attni     Mrs.  A.M.  Gray,   Librarian 

Engineering  Library,   Plant  No.  5 

The  Hallicrafters  Co. 
IjliOl  West  5th  Avenue 
Chicago  2U,   Illinois 
ATTN  I  L.  La  Gloia,  librarian 

Hoffman  Laboratories,    Inc. 
37UO  South  Qranl  Avenue 
Los  Angeles  7,   California 
Attni  Engineering  Library 

Hughes  Aircraft  Co.,   Antenna  Dopt. 
Microwave  Laboratory,   Bldg.   12,   Rm.  2617 
Culver  City,   California 
Attni  M.D.  Adcock 

Hughes  Aircraft  Co. 
Florence  and  Teale  Streets 
Culver  City,   California 
Attni  Dr.  L.C.   Van  Atta,   Assoc.  Dlr. 
Research  Laboratories 

Hycon  Eastern,  Inc. 

75  Cambridge  Parkway 

Cambridge,  Mass. 

Attni  Mrs.    Lois  Seulowiti,   Tech.  lib. 

International  Business  Machines  Corp. 

Military  Products  Division 

590  Madison  Avenue 

New  York  22,  New  York 

Attn:  Mr.  C.F.  MoElwain,  General  Manager 

International  Business  Machines  Co. 
Military  Products  Dlv. 
Oswftgo,   New  York 
Atnni  Mr.  D.I.  Karr,   Librarian 
Dept.  U59 

International  Resistance  Conpany 
UOl  N.  Broad  Street 
Philadelphia  8,    Pa. 
Attni  Research  Library 

Jansky  and  Bailey,  Inc. 
1339  vasconsin  Avenue,   N.W. 
Washington  7,   D.C. 
Attni  Mr.  Delmer  C.  Ports 

3r.   Henry  Jasik,   Consulting  Engr. 
298  Shames  Drive, 
Brush  Hollow  Industrial  Park 
Westbury,  New  York 

Martin  Katzin  and  Coapany,  Consultants 
711  llith  Street,  N.W. 
Washington  5,    D.C. 

Lockheed  Aircraft  Corp. 

Missile  Systems  Division 

7701  Woodley  Avenue 

Van  Nuys,    California 

Attni   Van  Nuys  Lib.  Bldg.  902 

Lockheed  Aircraft  Corp. 
California  Division  Engr.  Lib. 
Dept.    72-25,    Plant  A-1,    Bldg.    63-1 
Burbank,    California 
Attn:  N.C.  Harnois 

The  Glenn  L.  Martin  Company 
Denver  Division 
Waterton,  Colorado 
Attni  William  V.   Foley, 

Test  and  Reliability 

Mail  No.  2-38 

The  Glenn  L.  Martin  Ccnpany 

Baltimore  3,  Maryland 

Attni  Engr.  Lib.,  Antenna  Design  Group 

Maryland  Electronic  Mfg.  Corp. 
5009  Calvert  Road 
College  Park,  Maryland 
Attni  Mr.  H.  "arren  Cooper 

Mathematical  Reviews 
190  Hope  Street 
Providence  6,  Rhode  Island 
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The  W,L.  Maxson  Corporation 

I16O  West  3lith  Street 

New  York,   N.Y. 

Attn:  Hi 83  Dorothy  Clark 

McDomwll  Aircraft  Corp. 
Lambert  Saint-Loula  Municipal  Airport 
Box  516,   St.  Louie  3,  Misaourl 
Attni  R.D.  Detrlch,   Engr.  Library 

McMillan  Laboratory,  InC 

Browivlile  ATenna 

Ipswich,  Maaaachusetts 

Attnt  Security  Officer,   Document  Rm. 

Melpar,  InC 

3000  Arlington  Bl»d. 

rails  Churoh,   Va. 

Attni  Engineering  Tech,  Lib. 

Microwave  DeTelopment  Laboratory 

?0  Broad  Street 

Babson  Park  57,  Mass. 

Attn:  N,  Tucker,  Oeneral  Manager 

Microwave  Radiation  Company 
19223  South  Hamilton  St. 
Oardena,   California 
Attni  Mr.  Morris  J.   Ehrlioh,  Pres. 

tIavBl  Industrial  Reserve  Aircraft  Plant 

P.O.  Box  5907 

Dallas,   Texas 

Attn:  Mr.   H.S.  White,   Librarian 

Northrop  Aircraft,   Inc. 

Hawthorne,  California 

Attnt  Mr.  E.A.  Preitas,  Lib.  Dept.  311i5 

North  American  Aviation,   Inc. 
122Hi  Lakewood  Blvd. 
Downey,   California 
Attnt  Engr.  Ub.  U9S-115 

Morth  American  Aviation,  Inc. 
Los   Angeles  International  Airport 
Los     Angeles  U5,   California 
Attn:   Engineering  Technical  File 

Page  Comnunicationa  Engineers,  Inc. 
710  Fourteenth  Street, Northwest 
Washington  5,   D.C. 
Attnt  Librarian 

Philco  Corporation  Rea.  Division 

Branch  Library 

l»700  Wissachickon  Avenue 

Philadelphia  UI4,   Pa. 

Attn:  Mrs.  Dorothy  S.  Collins 

Plckard  and  Burns,   Inc. 
2U0  Highland  Avenue 
Needham  91j,  Mass. 
Attn:  Dr.   J.T.  deBettencourt 

Polytechnic  Research  and  Dev.   Co.,    Inc. 
202  Tillary  Street 
Brooklyn  1,   New  York 
Attni  Technical  Library 

Radiation  Engineering  Laboratory 
Main  Street 
Maynard,  Mass. 
Attnt  Dr.  John  Rute 

Radiation,   Inc. 
P.O.  Drawer  37 
Melbourne,   Florida 
Attnt  Tech.  Library,  Mr.  M.L.  Cox, 
Assistant  Project  Engineer 

Radio  Corp.  of  America 

RCA  Laboratories 

Rocky  Point,   New  York 

Attnt  P.S.  Carter,   Lab.   Library 

RCA  Laboratories 

David  Sarnoff  Research  Center 

Princeton,  New  Jersey 

Attn:  Miss  Fern  Cloak,  Lib.,  Res.  library 


RCA  Defense  Electronic  Products 
Camden  2,   New  Jersey 
Attnt  Clarence  A.  Gunther,   Chief  Def. 
DEP  -  Bldg.  15,  Floor  7 


{2)nie  Ramo-Wooldrtdge  Corporation 
5730  Arbor  Vitae  Street 
Los  Angeles  hi,    California 
Attnt  Margaret  C.  Whltnah,   Chief  Ub. 

Hoover  yicrov/aves 
9592  Baltimore  Avenue 
College  Park,  Maryland 

The  Rand  Corporation 

1700  Main  Street 

Santa  Monica,   California 

Attnt  Library  -  viat  SBAMA  Liaison  Office 

Rantec  Corporation 

Calabasas,   California 

Attnt  Grace  Keener,  Office  Manager 

Raytheon  Manufacturing  Company 
Missile  Systems  Division 
Bedford,  Mass. 
Attnt  Mr.  Irving  Goldstein 

Raytheon  Manufacturing  Company 
Wayland  Laboratory 
Wayland,  Mass. 

Attn:  J.E.  Walsh,  Dept,  897U, 
Antenna  Design  Radar 

Raytheon  Manufacturing  Ccmpany 

Wayland  Laboratory 

Wayland,  Mass. 

Attnt  Miss  Alice  G.  Anderson,   Librarian 

Republic  Aviation  Corporation 
Farmlngdale,  Long  Island,  N.Y, 
Attn:  R.E.  Fidoten,   Engineering  Lib. 

Rheem  Manufacturing  Company 
Research  and  Development 
9236  East  Hall  Road 
Downey,   California 
Attn:  J.C.  Joergar 

Ryan  Aeronautical  Company 
Lindbergh  Field 
San  Diego  12,   California 
Attn:  Library 

Sage  Laboratories,  Inc. 
30  Quinan  Street 
Walthara  511,  Mass. 

Sanders  Associates,  Inc. 
95  Canal  Street 
Nashua,  New  Hampshire 
Attnt  N.R,  Wild,   Ubrary 

Sandla  Corporation,   Sandla  Base 

P.O.    Box  5800,   Albuquerque,    New  Mexico 

Attn:  Classified  Document  Division 

Sperry  Gyroscope  Company 

Great  Neck,   L.I.,   New  York 

Attn:  Florence  W.  Tumbull,   Engr.  Lib. 

Stanford  Research  Institute 

Document  Center 

Menlo  Park,   California 

Attn:  Mary  Lou  Fields— Requisitions 

Sylvanla  Electric  Products,  Inc. 
100  First  Avenue 
Waltham   5U,  Mass. 

Attnt  Charles  A.  Thomhill,  Reports  Lib. 
Waltham  Laboratoiries  Library 

Systems  Laboratories  Corporation 
15016  Ventura  Boulevard 
Sherman  Oaks,  California 
Attn:  Dr.  W.C.  Hoffman 

Technical  Research  Group 

17  Union  Square  West 

New  York  3,  N.Y. 

Attn:  M.L.  Henderson,  Librarian 

A.S.  Thomas,  Inc. 

161  Devonshire  Street 

Boston  10,  Mass. 

Attn:  A.S.  Thomas,  President 


Engr. 


Westlnghouse  Qectrlc  Corp. 
2519  Wllkens  Avenue 
Baltimore  3,  Maryland 
Attnt  Kent  H.  Mack,  Qigr.  Lib. 

Wheeler  Laboratories,  Inc. 
122  Cutter  Mill  Road 
Great  Neck,  New  York 
Attnt  Mr.  Harold  A.  Wheeler 

Zenith  Plastics  Company 
Box  91,  Gardena,  California 
Attn:  Mr.  S.S.  Oleesky 

Library,  Geophysical  Institute  of  the 
University  of  Alaska 
College,  Alaska 

University  of  California 

Berkeley  U,   California 

Attn:  S.  Silver,  Prof.  Engr.  Solenoe 

Division  of  Elec.  Engr. 

Electronics  Research  Lab. 

Electronics  Research  Laboratory 
University  of  California 
332  Cory  Hall,  Berkeley  k,   Calif. 
Attn:  J.R.  Whinnery,  Prof. 

California  Institute  of  Technology 
Jet  Propulsion  Laboratory 
U800  Oak  Grove  ')rlve 
Pasadena,  California 
Attn:  I.E.  Newlan 

California  Institute  of  Technology 
1201  E.  CaUfomia  Street 
Pasadena,  California 
Attn:  Dr.  Charles  H.  Papas 

Carnegie  Institute  of  Technology 
Schenley  Park 

Pittsburgh  13,  Pennsylvania 
Attn:  Albert  E.  Haina 

Cornell  University 

School  of  Electrical  Engineering 

Itheca,  New  York 

Attn:  Prof.  G.C.  Dalman 

University  of  Florida 
College  of  Engineering 
Gainesville,  Florida 
Attn:  Prof.  M.H.  Latour, 

Engineering  Sciences  Lib. 

Georgia  Institute  of  Technology 
Engineering  Experiment  Station 
Atlanta,  Georgia 
Attn:  Mrs.  J.H.  Crosland 

Georgia  Tech.  Library 

Harvard  University 

Technical  Reports  Collection 

Gordon  McKay  Library,   303A  Pierce  Hall 

Oxford  Street,   Cambridge  38,  Mass. 

Attn:  Mrs.    E.L.    Hufschmldt,    Ub. 

Harvard  College  Observatory 
60  Garden  Street 
Cambridge,  Mass. 
Attn:  Dr.  Fred  L.  Whipple 

University  of  Illinois 
Serials  Dept.  -  220S  Ubrary 
Urbana,   Illinois 

Electrical  Engineering  Res.  Lab, 
University  of  Illinois 
Urbana,   Illinois 
Attnt     Antenna  Lab. 


The  Johns  Hopkins  University 
HomeWDOd  Campus 
Department  of  Physics 
Baltimore  18,  Maryland 
Attn:  Professor  Donald  E.   Kerr 

The  Johns  Hopkins  University 
8621  Georgia  Avenue 
Silver  Spring,  Harj-land 
Attn:  Mr,   George  L.   Seielstad, 
Applied  Physics  Lab. 
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Kassachvaetts  Tnatitute  of  Technology 
Research  Laboratory  of  Electronics 
Document  Room  20B-221 
Cambridge  ?9,  Mass, 

Massachusetts  Institute  of  Tech. 

Lincoln  Laboratory 

P.O.  ^ox  73 

Lexington  73,  Mass. 

Attn:  Henry  Straus,  Document  Rni.  A-229 

University  of  Michigan 
Electronic  Defense  Group 
Engineering  Research  Institute 
Arm  Arbor,  MJLchigan 
Attni  J. A.  Boyd,  Supervisor 

The  University  of  Michigan 
Willow  Run  Laboratories 
Willow  Run  Airport 
ypsilanti,  Michigan 
Attni  K.N,  Siegel,  Head 

Theory  and  Analysis  Dept. 

University  of  Michigan 

Willow  Run  Laboratories 
Engineerir^  Research  Institute 
Willed:  Pun  Airport 
Ypailantl,  Michigan 
Attn:  Librarian 

The  University  of  Minnesota 

Minneapolis  lU,  Minnesota 

Attn:  kr,  Robert  H,  Stumm,  Library 

Northwestern  University 
Microwave  Laboratories 
Evanston,  Illinois 
Attn:  Professor  R.E.  Beam 

Ohio  State  University 
Research  Foundation 
Columbus  10,  Ohio 
Attn:  Dr.  T.E.  Tice 

Dept.  of  Electrical  Engr, 

The  University  of  Oklahoma 

Woman,  Oklahoma 

Attn:  Prof,  C.L.  ^arrar 

Chairman  Electrical  Engr. 

Polytechnic  Institute  of  Brooklyn 
HicrowEve  Research  Institute 
$S   Johnson  Street 
Brooklyn  1,  New  York 
Attn:  Mr.  A.E.  Laemmel 

Syracuse  University 
Res'*arch  Institute 
Collendale  D-6 
Syracuse  10,  New  York 
Attn:  Dr.  C.S,  Grove, Jr. 

Director  of  Engr.  Research 

The  University  of  Texas 
Electrical  Engr.  Research  Lab. 
P.O.  Box  8026,  University  Station 
Austin  12,  Texas 
Attn:  J.R.  Gerhardt,  Assistant  Dir, 

The  University  of  Texas 

Defense  Research  Lab. 

Austin  12,  Texas 

Attn:  Claude  W,  Horton,  Phys.  Lib. 

The  University  of  Toronto 
Department  of  Electrical  Engineering 
Toronto,  Canada 
Attn:  Prof.  G,  Sinclair 

LTI  Research  Foundation 

P.O.  Box  709 

Lowell,  Mass. 

Attn:  Dr.  Charles  R.  Mingins 

University  of  Washington 

Dept.  of  Electrical  Engineering 

Seattle  5j  Washington 

Attnt  G,  Held,  Associate  Professor 

Polytechnic  Institute  of  Brooklyn 
Microwave  Research  Institute 
55  Johnson  Street 
Brooklyn  1,  New  York 
Attni  Dr.  A. A,  Oliner 


Electronics  Division 
Rand  Corporation 
1700  Main  Street 
Santa  Monica,  California 
Attn:  Dr.  Robert  Kalaba 

National  Bureau  of  Standards 

Washington,  D.C. 

Attni  Dr.  W.K,  Saunders 

Applied  Mathematics  and  Statistics  Lab. 
Stanford  University 
Stanford,  California 
Attn:  Dr.  Albert  H.  Bowker 

Dept.  of  Physics  and  Astronomy 
Michigan  State  University 
East  Lansing,  Michigan 
Attn:  Dr.  A.  Leitner 

lonaphere  Research  Laboratory 
Pennsylvania  State  College 
St^te  College,  Pennsylvania 
Attn:  Prof.  A.K.  Waynick,  Director 

Institute  of  Mathematical  Sciences 

25  Waverly  Place 

New  York  3,  New  York 

Attn:  Mrs.  JoAn  Segal,  Librarian 

School  of  Electrical  Engineering 

Purdue  University 

Lafayette,  Indiana 

Attn:  Professor  F.7.  Schultz 

!'niversity  of  Tennessee 
lOioxville,  Tennessee 
Attn:  Dr.  Fred  A.  Ficken 

California  Institute  of  Tech* 
1201  E.  California  Street 
Pasadena,  California 
Attn:  Dr.  A.  Erdelyi 

VJayne  University 

Detroit,  Michigan 

Attn:  Professor  A.F.  Stevenson 

Mathematics  Department 
Stanford  University 
Stanfoni,  California 
Attn:  Dr.  Harold  Levlne 

University  of  Minnesota 
Minneapolis  lU,  Minnesota 
Attn:  Prof.  Paul  G.  Rosenblooro 

Department  of  Math«natics 
Stanford  University 
Stanford,  California 
Attn:  Professor  Bernard  Epstein 

Applied  Physics  Laboratory 
Fne  Johns  Hopkins  University 
8621  Georgia  Avenue 
Silver  Spring,  Maryland 
Attn:  Dr.  B.S.  Gourary 

(2)Exchange  and  Gift  Division 
The  Library  of  Congress 
Washington  25,  B.C. 

Electrical  Engineering  Dept. 
Massachusetts  Institute  of  Technology 
Cambridge  39,  Massachusetts 
Attn:  Dr.  L.J,  Ghu 

Nuclear  Development  Associates,  Inc. 
5  New  Street 
White  Plains,  New  York 
Attn:  Library- 
Lebanon  Valley  College 
Annvllle,  Pennsylvania 
Attni  Prof.  B.H.  Bissinger 

Dept.  of  Physics 
University  of  Pittsburgh 
Thaw  Hall 
Pittsburgh  13,  Pa, 
Attn:  Dr.  Edward  Oerjuoy 

Dept.  of  Physics 
Amherst  College 
Amherst,  Massachusetts 
Attn:  I>r.  Arnold  Arons 


California  Institute  of  Tech« 
Electrical  r-ngineerlng 
Paseaena,  California 
Attas  Dr.  Zohrab  A.  Eaprielian 

Dr.  Rodman  Doll 
311  W.  Cross  St. 
Ypsilanti,  Michigan 

California  Institute  of  Technology 
Pasadena  h,   California 
Attn:  Mr.  Calvin  Wilcox 

Mr,  Robert  Brockhurst 

Woods  Hole  Oceanographlc  Institute 

VJoods  Hole,  Massachusetts 

Hetional  Bureau  of  Standards 
Boulder,  Colorado 
Attn:  Dr.  R.  Gallet 

Mrs.  Jane  icanlon 
22U-C3  67th  Avenue 
Bayside  6U,  New  York 

Dr.  Solomon  L,  Schwebel 

3689  Louis  Road 

Palo  Alto,  California 

University  of  Minnesota 
The  University  Library 
Minneapolis  lU,  Minnesota 
Attn;  Exchange  Division 

Professor  Bernard  Friedman 
Dept.  of  Mathematics 
University  of  California 
Berkeley,  California 

Lincoln  Laboratory 

Miassachusetts  Institute  of  Tech. 

F.C,  Box  73 

Lexington  73,   Massachusetts 

Attni  Dr.  Shou  Chin  ^ang,   Rm.  C-351 

Melpar,  Inc . 

30C0  Arlington  Boulevard 

Falls  *-^hurch,  Virginia 

Attn:  Mr.  K.S.  Kelleher,  Section  Head 

Antenna  Laboratory,  EHD 

Hq.  Air  Force  Cambridge  Res.  Center 

Laurence  iJ.  Hanscom  Field 

Bedford,  Massachusetts 

Attn:  Nelson  A,  Logan 

Electronics  Research  Directorate 
'iq.  Air  Force  Cambridge  Res.  Center 
Laurence  G.  Hanscom  Field 
Bedford,  Massachusetts 
Attn:  Dr.  Philip  Newman,  CRRK 

Hq,  Air  Force  Cambridge  Res*  Center 
Laurence  G,  tiansciora  Field 
Bedford,  Massachusetts 
Attn:  Mr,  Francis  J.  Zucker 

Mr.  N.C,  Gerson 

Trapelo  Road 

S,  Lincoln,  Massachusetts 

HoffiTian  Labs.,  Inc, 
Advanced  Development  Section 
3761  South  Hill  Street 
Los  Angeles  7,  Calif. 
Attn:  Dr.  Richard  B,  Barror 

Columbia  University 
Hudson  Laboratories 
P.O.  Box  239 
1U5  Palisade  Street 
Dobbs  Ferry,  New  York 
Attn:  Dr.  K,W.  Johnson 

Institute  of  Fluid  Dimamics 

and  Aoplied  Math,  Univ,  of  Maryland 

College  Park,  Maryland 

Attn:  Dr.  Elliott  Montroll 

Dept,  of  Electrical  Engineering 
Washington  University 
Saint  Louis  5,  Missouri 
Attn:  Prof.  J.  Van  BlaHel 
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Dept.  of  the  Navy 

Office  of  Naval  Res.  Branch  Office 

1030  E.  Oreen  Street 

Pasadena  1,  California 

Braodeis  University 
V/altham,  Massachusetts 
Attni  Library 

General  Elsctric  Company 
Microwave  Laboratory 
Electronics  Division 
Stanford  Industrial  Park 
Palo  Alto,  California 
Attn:  Library 

Smyth  Research  Associates 
393c  Ijth  Avenue 
San  Diego  3,  California 
Attn:  Dr.  John  B.  Smyth 

Electrical  Engineering 
California  Inst,  of  Technology 
Pasadena,  California 
Attn:  Dr.  Georges  Weill 

Naval  Research  Laboratory 
Washington  25,  D.C. 
Attn:  Dr.  Henry  J.  Passerlni 
Code  5276  A 

Dr.  George  iCear 
5  Culver  Court 
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